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Nutritional and health consequences of seasonal fluctuations in household food availability P. D. Bidinger, B. Nag, and P. Babu
Study objectives
Too little is known about the nutritional and health consequences of seasonal fluctuations in food supply, primarily because of the complex nature of the issues involved and the need for an interdisciplinary approach. Among the exceptions to this general dearth of information is the analysis of the very obvious consequences of severe food shortage in times of famine, which have been especially well documented for Africa.
Anthropologists were among the first to explore the interrelationships between food supply, social organization, and nutrition [7] . Economists and nutritionists, as well as health specialists, have focused until very recently on much narrower issues, in particular the documentation of seasonal patterns in the growth of young children [12, 13, 22, 23] . One must consider the many ways in which income is both acquired and used to offset seasonal aspects of food supply and food consumption. It is easy to point out that one should anticipate seasonal changes in food intake based upon, for example, particular patterns of labour-force participation; it is another thing actually to measure the effects when they are frequently complicated by cash or in-kind payments or such practices as borrowing food during times of need [25] .
To further the aim of understanding the complex nature of food distribution, the Institute for Rural Health Studies began a small pilot study of 40 families in which hypothesized determinants of food distribution included information from the following disciplines: demography, economics, agriculture, anthropometry, and health. Food consumption by members of the selected households was measured weekly using the 24-hour recall method. Data were collected either as events occurred, as in the case of harvests of any crop, or in a planned weekly session with respondent household members, as in the case of sevenday recalls of labour-force participation and household monetary transactions.
Study hypotheses were as follows: 1 . As harvests are few and widely separated, only larger farmers will have an adequate food supply throughout the year. Smaller farmers and labouring families will face greater irregularities, which will be offset to some degree by internal village mechanisms and opportunities for employment. 2. Nutritional and health status (as measured by anthropometry and morbidity) are related to seasonal aspects of climate and workload as well as energy intake. 3. Poor dietary intake at the family level will be a reflection of allocation of available food and preferences rather than availability to the family.
Overview The Indian Climate
The Indian subcontinent is a land of tropical monsoon climates, with four distinct seasons. The actual onset of each season, its duration and intensity, are highly variable in the different parts of India. The south-west monsoon from June to October accounts for the bulk of the total annual rainfall and is the chief source of the water supply. Little or no rainfall has been associated with famine conditions since the earliest days of Indian history.
Nutrition and Health in India
During the first two decades after India's independence a capital/intensive approach to development was employed, with the result that newly generated income was poorly distributed and the poor remained poor. Food production barely kept up with population growth; frequent drought caused severe food shortages, even though the central government imported grain and authorized the operation of ration shops. Increases in life expectancy, made possible by decreases in mortality from diseases such as malaria and smallpox, helped to create a labour-force surplus. The government saw little reason to increase health facilities that would, in theory, provide even more labour in what was already a laboursurplus situation. Likewise, the rural power structure provided an inhospitable environment for specific programmes to improve the nutrition and health of the poor [14] . The government seemed to echo the words of Uma Lele, who emphasized that "substantial allocation of central resources to social services frequently occurs at the cost of more immediately productive investments in rural areas and, therefore, may prove self-defeating in the long run" [11] . Health has, however, always been allotted some of India's limited resources. In the more than 25 years since the first of various five-year plans was proposed, health planning has essentially meant allocation of funds to: hospitals and dispensaries; education and research; control of communicable diseases; rural health programmes; training programmes; indigenous systems of medicine and homoeopathy; and other programmer. The bulk of the limited resources has historically gone to those responsible for the development of hospitals and their specialists who, of course, principally serve the urban well-to-do. Although serious doubts have been raised as to the efficacy of adopting a system that emphasizes an urban curative rather than a rural preventative system of health, the last plan (1978) (1979) (1980) (1981) (1982) (1983) ) resembled its predecessors. D. Banerji, chairman of Nehru University's Department of Community Medicine, notes [2] :
All these major programmes which were launched with so much fanfare and promise have ended as disastrous failures; social orientation of medical education is still a distant dream; the primary health centres have miserably failed to meet even the most pressing needs of the rural poor; the promise to eradicate malaria by the mid-sixties could not be kept and massive resources are still being allocated to "contain malaria"; other communicable diseases are rampant and continue to cause extensive suffering among the people; and mothers and children continue to suffer very high rates of mortality and morbidity. The account of the family planning movement through the past two decades itself is a saga of most expensive and colossal failures. All these provide a strong enough indictment of the entire system.
The cycle of poverty and ill health in India appears to continue unabated. Numerous researchers have pointed out that mortality and morbidity are higher among the lower paid workers and their families than among the better-paid semi-skilled and skilled groups; both factors are also higher among the badly paid rural agricultural labourers [6, 31 ] . Levinson found frequent cases of malnutrition and ill health among all rural income groups and caste groups; however, morbidity was considerably higher among the landless labour groups [9, 12, 30] .
The causes are complex although the major factor is insufficient income to obtain an adequate diet; over one third of all rural people cannot purchase or obtain a minimum diet [5] . Over 36 per cent of the women in India are in the labour force, thus reducing their ability to provide adequate child care; this, in turn, may lead to malnutrition and ill health for their children [14] . This percentage is higher in rural areas and may vary sharply with agricultural seasons. Also, the ability to earn higher wages appears to be dependent not only on the favour of large landowners or the village elite, but, for males, on height and weight as well [24, 25] .
Numerous studies on the health and nutritional status of Indians have been conducted, particularly during the last two decades. The majority of these studies has been on residents of larger Indian cities, on rural residents in villages in close proximity to the urban centres, or on tribal peoples in remote regions [26] . Many of the nutritional studies have been carried out by the staff of the National Institute of Nutrition (the Indian Council of Medical Research) located in Hyderabad, Andhra Pradesh; others have been conducted by the staff of various medical colleges. Nearly all the studies reveal similar findings, although the degree to which the populace is affected may differ depending on the year, the season, or the agroclimatic zone in which the study was conducted.
The following discussion summarizes the results of several of the more typical surveys and illustrates the basic nature of the health problems of most rural communities in India. These studies have been selected as representative of the semi-arid tropics of peninsular India on which this report focuses.
The most commonly reported signs of nutritional deficiency are protein-energy malnutrition (PEM), vitamin A deficiency, vitamin B-complex deficiency, and anaemia [21] . Most studies report that from 0.6 to 2 per cent of the children from one to five years of age present overt signs of kwashiork or marasmus [17, 19, 28] . Moderate PEM, classified by the National Institute of Nutrition as any case with one or more clinical signs of malnutrition, has been found to range between 4 and 11 per cent. The sample size in each of these studies was large; the smallest study covered 1,470 children and the largest study 4,536. Geographically the studies covered all the states in south India: Andhra Pradesh, Tamil Nadu, Karnataka, and Kerala. Although the studies covered the period from the late 1950s to the early 1970s, it is interesting to note that the number of young children with signs of PEM changed little over the years, as did their reported mean energy intake (including breast milk), which ranged from 725 to 930 Kcal per day for the one-to five-year-old age group.
Vitamin A deficiency is also a widespread problem in India; however, it appears to be most prevalent among the rice eating peoples of the south and the north-east. In the peninsular states, between 8 and 13 per cent of the children exhibited ocular signs of vitamin A deficiency [17, 19, 20] . Clinical signs ranged from mild conjunctival lesions to keratomalacia. In Reddy's survey, 40 per cent of all children with protein-energy malnutrition also manifested signs of vitamin A deficiency. Signs of vitamin B-complex deficiency (angular stomatitis, cheilosis, and glossitis) were also cited as highly prevalent by the above researchers. Bamji and her associates point out that with supplementation of B-complex vitamins, principally thiamin and riboflavin, the deficiency symptoms do not uniformly disappear, and blood levels fail to rise appreciably, thus giving rise to speculation concerning the true nature of the signs [1] .
The last major nutritional problem commonly cited by workers in India is anaemia. Whereas PEN, hypovitaminosis A, and vitamin B-complex deficiency appear principally to affect the young, anaemia is found in severe forms among adults as well. Pregnant and lactating women are most frequently affected. Srikantia and his colleagues [28] studied multiparous women in their third trimester of pregnancy. Nearly 12 per cent had haemoglobin levels of less than 8 g per 100 ml of blood and nearly 45 per cent had levels between 8 and 10 g per 100 ml of blood. Prahlad and Rao et al. report that half of 3,000 rural children studied had haemoglobin levels of less than 10.8 g per 100 ml [17, 19] ; 5 per cent of these fell below 5 g per 100 ml. The actual measurement of haemoglobin is rare; most reports from India use such signs as pallor, pale nails, and koilonychia to diagnose anaemia.
That the health problems of the poor are pensive is emphasized by data from several surveys made at different geographical locations throughout India. Although most of the studies focus on diet and income, data on morbidity dearly demonstrate the difficult conditions under which the poor live. In a rural area of Pondicherry in Tamil Nadu, Prasada and Gupta, as well as Rao et al., determined the four most common causes of morbidity in young children, giving the percentages of children with each malady as follows: upper respiratory infection (32 per cent); gastroenteritis (16 per cent); scabies (16 per cent); and ascariasis (11 percent) [18, 19] .
In Haryana, 28 miles south of Delhi, a similar rural study was undertaken. Patnaik and Sugathan [15] recorded the principal causes of morbidity as acute upper respiratory infection, diarrhoea, and gastroenteritis. Although no prevalence figures were supplied, the authors noted that "infants and toddlers constituted 13 (1/2) per cent of the population, but contributed 28 per cent of the morbidity."
The reporting of morbidity data fails to emphasize the interaction of nutrition and infection, which first gained attention through the efforts of Scrimshaw, Taylor, and Gordon [27] . Common infections such as those of the upper respiratory tract, or gastrointestinal infections causing diarrhoea, interact with poor nutrition to create a synergistic and vicious spiral leading to a far more serious impact on the victim than the impact of either one considered separately. Poor nutrition decreases resistance to infection, especially among children; infection leads both to decreased food intake (through loss of appetite or food beliefs that emphasize restriction of food during illness) and to decreased absorption of food in the gastrointestinal tract (due to diarrhoea or the competing effects of intestinal parasitism). The result is a further impaired nutritional status, which lowers resistance to infection still more. Commonly accepted indicators of nutritional status, such as weight for age, height for age, and skinfold thickness, may be as much influenced by non-nutritional health considerations, such as disease and parasitism, as they are by food intake.
The village of Bokur: characteristics and organization
Dokur has characteristics representative of the much wider area defined as the semi-arid tropics. The long hot season (February to mid June), when temperatures regularly reach 40°C and the relative humidity is 8 to 10 per cent, is abruptly terminated by the monsoon rains which bring down the temperature by 5 to 10 degrees. The winter season (November to January) is generally rainless and cooler still, with maximum daytime temperatures ranging from the mid 20s to low 30s Celsius.
Monthly rainfall in millimetres for each month of the study year, as well as the average rainfall for an earlier five year period from the Taluka headquarters, is shown in table 1. Agro-climatically, Dokur represents an area of relatively assured rainfall with shallow to medium-deep alfisols (red soils). Rainfall averages 760 mm. a Although only 90 per cent of ''normal" for the year the Pattern of rainfall was quite advantageous for farmers In that heavy June rains at the beginning of the rainy (kharif) season meant that dryland crops were planted sufficiently early to assure their reaching maturity, provided the remainder of the monsoon was adequate As the monsoon was adequete, and even lasted slightly longer than normal, the year's rainfall could be considered within normal expectations .
A distinguishing feature of Dokur and of the larger area it represents is the system of small lakes (tanks) that collect run-off water during the rainy season. The extra water permits cropping in both the rainy season (kharif) and the post-rainy season (rabi). It has been estimated that over half of the total cropped area is irrigated in Dokur because of its tanks and a number of wells.
Dokur is located in Mahbubnagar District, Andhra Pradesh, approximately 130 km from Hyderabad, the state capital. The nearest market community, Devarkadra, is located 5 km from the village and is connected to it by a simple dirt road. Devarkadra has a population of approximately 5,000 people and is on a paved road that connects two district capitals.
The major crops grown in Dokur are paddy and groundouts (peanuts), which, owing to irrigation, can be grown in both seasons. Substantial amounts of sorghum (jowar) are also raised, but only small quantities of pulses. Of the pulses, pigeon pea (red gram) is the most frequently planted. This particular planting is to be found wherever tanks exist. In the drier areas, a pattern of less paddy and groundnuts and more sorghum predominates.
Village Characteristics
Dokur is not a picturesque village; houses of stone covered with mud are grouped in a rather random fashion. The streets (such as they are) are basically what has remained between the houses. Most houses consist of one or two rooms with perhaps one small barred window for ventilation. Mud floors are the norm, but wealthier residents have shabad stone floors. Roofing ranges from thatch to a sturdier wooden framework covered with thatch and mud. Sanitation levels are poor; only one house in Dokur possesses a latrine (out-of-doors). The common practice is to defecate in specified fields outside the village boundaries. Kitchen waste is customarily poured out from the cooking area in the house through a small hole in the wall; some people simply pitch their refuse out the door. Thus, the passageways of Dokur are crossed by rivulets of putrid water.
Another characteristic of the village is that only 5 to 10 per cent of the houses and shops, as well as the pump of a protected water supply, are supplied with electricity. Previously, Dokur water came from public wells that had been hand-dug and lined with local stone, and an annual cholera outbreak was a feature of village life. Several years ago, a protected water supply was constructed in the centre of the village. As it has numerous outlets, the harijan community asked for, and received, the rights to draw their water from the same source. Many villagers still use the older hand-dug wells routinely, and all villagers use them during the frequent power cuts that render useless the protected water supply.
Demographic Characteristics
In 1980, it was estimated by the sarpanch (elected village head) that the population of Dokur was about 2,600 or slightly more than 400 households. In the mid 1970s a survey of household heads revealed that nearly 25 per cent were basically labourers, although they nearly all owned tiny plots of land (less than 0.2 ha). Slightly more than 70 per cent were cultivators and the remainder (between 3 and 4 per cent) were listed as owning shops or having occupations such as teachers and construction workers [3] . Approximately one-third of the farming households have an operational landholding size of less than 1 ha, while another third have between 1 and just over 2 ha. The upper one third, or large farmers, have from just over 2 ha upwards; a few of the largest of these have as many as 20 ha. Operational landholding was defined as the area of owned land, minus the area leased out or share farmed to someone else, plus the area leased or sharefarmed from someone else.
Health Care
As in the vast majority of rural Indian villages, health care is virtually non-existent. The nearest primary health centre is 12 km away and there is no bus service in Dokur. Should one manage to get to the centre, the probability of finding a doctor there is virtually nil, the centre has a long history of absentee doctors. In the other direction, Devarkadra does have one doctor who holds the standard MBBS degree given to Indian doctors; however, his clinic is a private one, and thus a luxury for most of the villagers. For less money, they may turn to the available homoeopathic doctor, who is frequently unable to deal with the major illnesses and injuries presented to him. In Dokur itself, there is a registered medical practitioner (REP) who practices a combination of homoeopathy and allopathy part time (he has a large farm). Many of the villagers appear to have great confidence in him, as he freely gives them the injections many so fervently believe will cure virtually everything. Our observations indicate that often the injections consist of plain water; however, his fees for service are always within the reach of the poorest villagers as he charges as little as one or two rupees for an injection.
Diet
Throughout the year polished boiled rice is the staple food for virtually all families; sorghum, used less frequently, is made into chappatis or a gruel (ambali). Small quantities of pulses (pigeon peas) are eaten irregularly as a thin soup (dal) with the rice. The quantities of dal consumed relate directly to farm size [4] .
Tamarind extract mixed with jaggery and ground sesame seeds (pulsu) is widely used by all for about half the year (from February to July) and is served with rice. This, or a chutney of green chillies (from January to June) is one of the most commonly eaten foods. The consumption of seasonal vegetables is related to both income and taste. As recently as 1977, few vegetables were grown in Dokur; the small amounts eaten were grown in neighbouring villages. Both domestic species as well as the currently termed "common property resources" (custard apple, zizyphus berries, and wild greens) are eaten. Onions, eggplant (brinjal), gourds, beans, tomatoes, and greens (gogu) are the most popular; however, with the exception of onions, they are nearly always eaten infrequently and in rather small quantities. Mangoes are also eaten in season.
Small quantities of fish from the nearby irrigation tank are eaten during the monsoon and post-monsoon seasons. Chicken and, rarely, goat are more often eaten by large farm families, or for celebrations, such as festivals and weddings, by others. Milk is used principally in tea purchased in neighbourhood tea-shops. Large-farm families who own milch animals serve tea with milk at home and may also make it into curds or buttermilk. Alcohol, in the form of palm toddy, is regularly drunk by nearly everyone, including children.
There is a considerable discrepancy between the diets of rich and poor villagers. The poor householders' diets all too frequently consist of nothing more than rice and chill) powder (cayenne pepper) or tamarind chutney supplemented by sorghum chappatis pats in place of rice, and, of course, toddy and tea. The diets of those who are better off are based on a much wider variety of foods.
Infants are breast-fed exclusively until the age of six or seven months, after which nearly all are occasionally fed glucose biscuits, toddy, and tea, while some also receive small amounts of cow's milk. When the child is between the ages of 12 and 15 months, rice and sweets, and sometimes seasonal fruit, are irregularly fed. After about the age of 15 months the child is given the adult diet on a regular basis. Breast-feeding continues throughout this period and frequently continues until three or four years of age, when the child is gradually weaned.
Education
A government-sponsored village school for children in the first seven grades is the focal point for the education of both boys and girls. There are generally four teachers available throughout the year. Although the number of pupils fluctuates widely according to the season, nearly 170 children are registered. A good many of them are called upon to help with agriculturally related tasks during the year and, as a result, many of these pupils are forced to repeat certain years. As a rule, the emphasis upon education in the village is minimal, and has been for a long time.
There are a few small private "tutorial" schools in the village, but the people running the "tutorials" are frequently minimally educated themselves. Some of the pupils attend the government school and go to a tutorial after school. These are most frequently the children of the wealthier villagers, as fees must be paid.
Few villagers are formally educated. Of the 200 (57.3 per cent) respondents who were over 12 years of age, only 19 (9.5 per cent) had gone beyond the seventh year in school. All but three of these were males; the three females were teenagers.
Religion
Almost the entire population of Dokur is Hindu; there are no more than six Muslim households in the village. The minority Muslims live in harmony with the Hindu majority and each group appears to practice its religion unhampered by the other. Festivals such as Divali, a major Hindu festival, are celebrated with much enthusiasm by all the villagers. A small but devoted group of Hindus worship during the late hours of each Thursday night, and forms a procession that winds its way through the village paths. Although there is a proper temple, it appears to be a minor focal point of religious life. Worship in individual homes is also practiced; many have areas set aside for the worship of the goddess Nagamma, who is thought to inhabit clay pots.
Household Characteristics
A survey of the entire village identified forty households (or approximately 10 per cent of the total) that had the following characteristics: 1. The families had at least one child under the age of five who was a full-time resident. 2. The families were principally agrarian, i.e. either landless or farm families, although families with small subsidiary occupations were considered acceptable.
The adult female members had to work principally
as hired labourers on other farms or on their own family farms. 4. The families had to be willing to spend time weekly with the investigators for the next 15 months and be willing to permit the physician to examine them physically at periodic intervals. Two lists were then prepared: one of families whose adult female members worked principally on their own family farms and another of those whose adult females routinely sought employment as paid agricultural workers. Each list was ranked by landholding size, and then a random sample of twenty families from each group was selected.
The study population, which totalled 349, was chosen to reflect the fact that young children constitute a sizeable part of the Indian population and are at risk from the effects of any food shortage. The stratification of the respondents based upon female work pattern reflected the need to learn more about the constraints placed upon women and their families in villages where female labour-force participation is particularly high, i.e. irrigated villages. In Dokur, nearly all village women work, either on or off the farm in about roughly equal proportions.
Other Characteristics
The families included permanent servants, a term that refers to someone who is generally attached to a family for a prolonged period of time. This kind of service can occur in several ways; for example, either a young child from an extremely poor family may be "given" to another family or a man in debt may offer himself to a family in return for payment of his debt. The mean family size of the 40 families was 8.7 with permanent servants and 8.2 without permanent servants; family size ranged from 3 to 23, including permanent servants. The sex ratio was relatively even: 180 (51.6 per cent) males and 169 (48.4 per cent) females. Table 2 summarizes these characteristics.
TABLE 2. Selected characteristics of Dokur households

Number of households in study 40
Number of members in study 349
Mean family size (including permanent servants) 8.7
Mean family size (excluding permanent servants) 8.2
Range of family size 3-23
Males 180
Females 169
The age distribution of the study respondents was like that found in most developing countries; the high proportion of young people in the sample is illustrated in table 3.
In virtually any Indian village where there are employment possibilities, nearly all inhabitants work, including children and older adults. The principal occupations of the sample are listed in table 4.
Respondents were also asked if they had secondary occupations that they followed. Fewer than one-quarter of the sample responded positively. Twenty-seven labourers (7.7 per cent) listed agriculture as a subsidiary occupation, while 25 farmers (7.2 per cent) said they worked as agricultural labourers. The remaining 10 per cent indicated that they worked at a variety of tasks, for example as shepherds (five people).
The forty families in the study represented the major castes, eight of the fourteen to be found in the village. Some castes could not be selected-for example, the trade castes that include washermen (dhobies) or barbers, and, of course, the one village brahmin who serves as the patwari. (The brahmin's position, which is government appointed and involves such duties as keeping land records and recording sales, has recently been abolished.) Table 5 shows the relative rank of the castes with their traditional occupations.
The types of families in the study fell into five categories commonly recognized by demographers and described as follows: 1. Nuclear: one couple plus any children. 2. Supplemented nuclear: nuclear with the addition of a relative, e.g. mother. 3. Lineal joint: more than one couple of two generations. 4. Collateral joint: more than one couple of the same generation, e.g. married siblings. 5. Lineal-co/lateral joint: more than two couples of the same and different generations. Table 6 presents the breakdown of the present families.
The total owned land and the operational land size of the study households are shown in table 7. These data were obtained only for the kharif season of the year before the study started. in general the operational land will be less than the owned land. Of the 38 landowning families, 34 were actively farming, and of those, 29 (85 per cent) had irrigated land, as shown in table 8. [3] demonstrated that one-third of all Dokur farm households owned less than 0.90 ha of land, while another one-third owned less than 2.11 ha. The remaining third had in excess of 2.11 ha of land. Using these data for comparative purposes, it may be seen that the study population is slightly over-represented at the lowest level, with 15 rather than 13 families, and under-represented at the middle level with 8 instead of 13 families. In the large farm category there are 17 families, or 4 more than expected according to distribution pattern determined by ICRISAT. However, land transaction records, as well as evidence from bank loan records supplied by the State Bank of India, would appear to indicate that our sample distribution reflects a more current picture of landholding patterns, i.e. large farms are getting larger at the expense of small and medium-size farms.
Methodology
The study was designed to provide comprehensive information in a number of disciplines, although it was understood that the investigators lacked expertise in many of these fields. For this reason, advice was sought from professionals in some areas of study. There were, however, the inevitable omissions.
The two field investigators, B. Nag and P. Babu, both had previous field experience of a limited nature. Both lived in the village during the week for the entire period of study which was anticipated to last from early February 1982 until late April 1983. During this time, only one week was missed and information that could be collected retrospectively was obtained the following week.
The study team was fortunate in being offered the use of a cowshed by the sarpanch (elected village leader) and his family. A wall was constructed that left one-third of the shed for the team and two-thirds for the cows. Electricity was brought from the main house and a single light bulb and an outlet for a much-needed fan were provided. The team was able to move into its quarters in mid February. During the next few weeks, until the study officially began in the third week of April, the respondents were selected, a census taken, and data schedules were pretested. Each investigator was responsible for covering 20 families. Jointly the team took monthly measurements of height, weight, and arm circumference. The physical examinations were performed by a consultant physician with the assistance of the investigators.
In the following sections the methodology used is presented, along with a discussion of some of the difficulties encountered while trying to follow the original plan. The sections cover the following areas: census, dietary recall, morbidity, physical examinations, anthropometry, labour force participation, crop production, and assets.
Census
The investigators went as a team from house to house where they gathered information, as a general rule, from the head of the household and/or other older members of the family. To determine age, a difficult task in any developing country, several methods were used in combination. These included developmental age assessment and a village event calendar, as well as family records and horoscopes. When other members of the household were present, they contributed to the task of determining such questions as the number of years of education. Information was collected in the general areas of education, occupation, landholding size, farm inputs such as irrigation and access to wells, crops grown during each of the three seasons, and livestock owned. Much of this general information has been presented in the section on household characteristics. The landholding information was subsequently verified using the patwari's records, as all land transactions must be registered with him.
Food Consumption
Much has been written about the difficulties of assessing food intake in populations [20, 29, 32] . Each method has its strengths and weaknesses; no method is truly able to capture the usual variation found in individual diets. For this study, the 24-hour recall method was chosen as the basis for a weekly, one-day estimation of food intake. The reason for the selection of this technique was the low demand on the subjects interviewed. As one essential aspect of the entire project was to be its longitudinal nature, it seemed important to place as few demands on the respondents as possible, while at the same time collecting a maximum of useful information.
The female member(s) of the house who were responsible for cooking and serving food gave the necessary information to the investigators. If other members of the household were present, they may also have contributed to the recall procedure. At the same time, each person's diet was recorded as "normal" or "not normal"; if it was the latter, a reason was given. Diets which were not normal generally fell into several categories: solely breast-fed; breast-fed plus food; meals eaten away from home, e.g. went to market town; festival or marriage diet; illness responsible for abnormal pattern/amount; no available information, e.g. person away from village.
Data were also collected concerning whether or not each woman in the study sample was lactating or pregnant; if she was pregnant, what was the stage of pregnancy? The consumption of food outside the home was ascertained whenever possible, and included such items as tea, puri and dose, which were commonly eaten in local shops. To ascertain the quantity of these food items, shop owners were contacted and the ingredients and quantities recorded. These values were then used. In accordance with general procedure, the meal eaten most recently was recorded first and the investigator worked backwards. Food left over or fed to animals was also tabulated. A few items consistently recorded as part of the total day's consumption included sweets such as hard candies, toddy, and betel leaves used for making pan. If cooked food was borrowed from others, this was also taken into consideration.
Each investigator was supplied with a set of thirteen nested aluminium pans of the type commonly used by the villagers, ranging from 17 ml to 2,300 ml capacity. A set of measuring spoons was provided for measuring small amounts of food, such as oil or spices, and local measures such as the seer were also used to determine quantities consumed. These measures were used primarily for quantifying amounts of cereals and cooked food. For such foodstuffs as vegetables, the actual amount purchased in kilograms was noted. For fruit, if not purchased, the number and size was recorded and the nutrient value supplied by the National Institute of Nutrition (NIN) was used to calculate the value.
Before the actual study period began, the investigators repeatedly weighed and measured quantities of all basic foodstuffs commonly eaten by the villagers. Both cooked and raw quantities were checked. In addition, a local measure, the seer cup, was also standardized.
As it was impossible for us to measure milk consumption by breast-fed infants and children, data on mean intake of breast milk from extensive studies of south Indian children were used [19] . These data covered children from birth to 48 months of age. Data were averaged over two-month periods for children up to the age of one; three-month periods for those up to 18 months; and six-month periods for those up to four. The upper figure was used for the few children in the study who were still being breast-fed after 48 months of age.
A programme was written to calculate nutrient availability from the gram amounts of each food consumed by each respondent. The first step involved the calculation of the nutrient value of each diet record using nutritive values for Indian foods compiled by staff of the National Institute of Nutrition [8] . Nutrients selected for analysis included: protein, energy, fat, calcium, iron, B-carotene, thiamin, riboflavin, niacin, ascorbic acid, lysine, tryptophan, and sulphur-containing amino acids plus leucine and isoleucine. ß-carotene was selected for analysis for several reasons. First, there is little preformed vitamin A in villagers' diets in south India; what small amounts are present generally come from meat and milk products. Second, nearly all the foodstuffs recorded in the Nutritive Value of Indian Foods [8] list ß-carotene content only. As the recommended nutrient allowances for Indians are given as µ g of β -carotene, it seemed far simpler to convert the IU of vitamin A given for meat and milk into β -carotene equivalents.
Programmes were subsequently written which provided the nutrient contribution made by each food in a day's diet as well as the nutrient value of the total day's diet. These values were then converted into a percentage of the daily allowances of nutrients for Indians according to Gopalan et al. [8] , which take into consideration a range of ages and physiological states. The moderate activity level was chosen for both men and women.
Morbidity
Morbidity data were collected once weekly, but cover the entire week's illnesses. A preceded morbidity schedule was used and the investigators were instructed to proceed down the list asking if any of the recorded symptoms had been experienced during the past week. Codes were also given to individuals who could not be contacted or were out of the village as well as to those who had no complaints. Table 9 specifies the morbid conditions recorded by the investigators, first as general categories and second as more specific complaints. The duration of each condition was also recorded.
Physical Health Examinations
Initially it was decided to have a physician carry out a physical examination of each respondent every month. This turned out to be an extremely difficult task as the respondents were often unavailable and it was also discovered that a single individual with an illness could take up a disproportionate amount of time. After the third round of examinations a schedule was worked out that involved covering ten households during each of the weekend visits so that most respondents were seen quarterly. 
Anthropometry
As poor growth may be a reflection of both biological and environmental factors, including illness and the level of nutrition, the respondents' height, weight, and arm circumference were monitored monthly. To record the height and weight of older children and adults, a standard beam balance was used with an anthropometer attached to it. Younger children were weighed in the arms of an adult and the difference calculated. Children under the age of two were laid on a flat surface with the head held straight up and with two pieces of cardboard held straight against both head and feet. The distance between the two was then measured. Light clothing was worn by adults; if sandals were worn, they were removed. Children generally wore scant clothing and no footwear. No adjustments were made for this extra weight in the analysis of the data. Height was measured in centimetres and weight in kilograms to the nearest 0.1 kg. Arm circumference was determined using a fibreglass tape: the mid point was measured and marked and the circumference taken. The tape was marked in centimetres and each measurement was recorded to the nearest 0.1 cm. Both Indian and Western standards were used to analyse the height and weight data. The Indian standards used were those supplied by the National Institute of Nutrition and are composed of expected heights and weights for boys and girls up to the age of 19 (girls) and 21 (boys). These data were provided by Hyderabad children of diverse, but predominantly Telugu, backgrounds, who were for the most part from middle socio-economic backgrounds or above. The following were chosen as values for adults of Indian origin: 2,800 kcal/kg for men and 2,200 kcal/kg for women, except for the second half of pregnancy and the first year of lactation, for which the values are 2,500 and 2,900 kcal/kg respectively.
The Western standards used included the Harvard standards as published in Jelliffe [10] for weight for height to the age of 18. For adults, the composite standards published by Jelliffe were used.
Economic Transactions
Every week each investigator asked the household head and other adult members of the household to recount the previous week's income and expenditures. To facilitate both the investigator's and the respondent's understanding of what constituted an economic transaction, a special form was used which outlined typical agrarian transactions while dividing them into income or expenditure. The investigators were instructed not to bother with extremely minor items such as a few paise spent on a sweet or a teaspoonful of a spice; rather, they were urged to emphasize the important transactions that would help our understanding of the village economic system. It should be noted that the transaction schedule recorded not only the item transacted, but the quantity, the unit value and the value of the transaction. This permitted the investigators to check their calculations if doubts arose.
Labour Force Participation
Who participates in the labour force and what is earned has been a topic of interest for many years, and, in recent years, the field of labour market economics has expanded. We decided to monitor labour-force participation for the entire family using a weekly recall method because we believed that this information would be extremely relevant to our understanding of the role of food availability in nutritional and health status. For each day of the previous week the following information was gathered for each family member, including working children: • general labour pattern, i.e. on-farm work or agricultural labour • principal work pattern for the given week; • days spent on agricultural work; • days spent working on own farm; • days spent working as agricultural labourer; • days spent as a permanent servant;
• days spent shepherding animals or on animal care; • days spent doing other business; • income in cash or kind (if in kind, product and quantity); and • days not worked and reasons for each.
Crop Production
Crops produced by each of the families were recorded at times of harvest. As the decisions for disposal were generally made soon after harvest, the quantities allocated to each of the following categories were recorded: sold; stored for family consumption; given away to labourers as payment for services, or given as debt repayment. The value of each transaction, that is, the quantity of the crop transacted and its market value at that time, was also recorded. The market value used was that provided by the farmer, but little variation was found between farmers for a given week, although there was of course variation from season to season.
Assets
Collection of reliable asset data has long been known to be a difficult task; it was therefore decided not to attempt collection of information in this area until fairly near the end of the study period. The household head and/or other adult members of the family provided the detailed information on household and farm assets. These included not only the obvious assets such as house, land, and farm equipment, but possessions as well, cooking vessels and gold and silver jewellery (if any) were all included. The land values were ascertained by the village patwari and sarpanch. 
Results
Food Consumption
In 30 of the 40 families, all dietary recalls were completed, and in 38 of the 40 families all but two of the planned recalls were completed. The percentage intake of the average energy requirement or of the recommended dietary allowance for other nutrients was used as a means of examining dietary adequacy across age groups in order to give a general picture of the problems at a village level [8] . Protein intake generally exceeded the recommended daily allowance (RDA). Intakes of energy were below the Indian estimated average energy requirements (AER), and other nutrients were below the RDA, as summarized in table 10. The deficiencies of calcium, vitamin A, riboflavin, and ascorbic acid follow the typical Indian pattern mentioned previously. The figures are not the average of the percentage intake of the RDA for all individuals; rather, they represent the total intake over the total requirement. Therefore, individual deficiencies are masked in table 10.
Distribution of Energy by Age and Sex
The averaged percentages of the AER by age group and sex indicate that children from six months to two years of age are most energy-deficient, followed by those from two to three years of age (table 11) . Male children fare better than female children from the age of one until their teens, when females meet a higher proportion of their requirement. Below the age of one, the energy intakes of female babies meet or exceed that of male babies. Males, once again, surpass females from 19 to 40 years of age. After that age, there is no difference between the two adult groups. [19] . Table 12 breaks down the percentage of the AER into four arbitrary groups for each of eight age groups in order to examine the severity of energy deficits. Over 75 per cent of all respondents received an average of over 80 per cent of their recommended levels. Slightly over half (51 per cent) of the children under three years of age received less than 60 per cent of the recommended allowances. From the age of six months until two years females were more likely to fall into the more severe energy deficit categories than males. After that age, there were approximately equal numbers of males and females in the various categories. It should be noted that these calculations take into consideration values for breast-milk consumption of rural South Indian children [19] ; however, it is the authors' opinion that these values are too low
Mean percentage of the AER for energy met by round: ages 0-5, 6-15, and adults (A)
Mean percentage of the AER for energy met by round: ages 0-5, 6-15, and adults (B)
Adequacy of Mean Weekly Energy Intake
The percentage of the AER was averaged by week for three age groups: 0 to 5 years old, 6 to 15 years old and 16 years old or above. A striking picture emerges of severely in. adequate energy intake for very young children (`x = 67 to 89 per cent of the AER) as contrasted to a generally adequate intake for those older than five (6 to 15 years: `x = 91-109 per cent of the AER; 16 years and older: `x = 88 to 107 per cent of the AER). From figure 1 it is possible to see that there are no clear patterns of increased or decreased consumption during post-or pre-harvest seasons. The reason for the gap at week 31 is a festival during which the investigators did not collect dietary information.
Adequacy of Household Mean Energy Intake
An examination of household energy intake reveals sharp differences in the percentage of the AER averaged over the year. All but 5 of the 20 households averaged more than 80 per cent of the AER. Of the five deficient households (<80 per cent), three were from the "labour" group and two from the "on-farm" group. All five families were of average size (four to six members), except one, which contained 11 members. Each of the "labour" families averaged 69, 76, and 78 per cent respectively of the AER throughout the year, while the two "on-farm" families each averaged 79 per cent. In a subsequent section these five families, who were chronically short of food, will be discussed in depth.
Summary of Weekly Energy Levels by Individual Families
Nearly all 40 families exhibited substantial variation in their aggregated energy intake from week to week. The periods of peak and slack, however, did not always correspond to harvest periods or times of intense employment (cash or in-kind payment). This phenomenon will be discussed later. Table 13 outlines the number of weeks during the year in which families averaged less than 80 per cent of the AER. Clearly, families whose adult females generally worked as hired labour were more likely to fall below acceptable levels of caloric sufficiency. 
Intra-family Food Distribution
The aggregated information presented up to this point masks the important aspect of the intra-family food district button. Thus far, a general picture of nearadequacy has emerged by taking the total energy intake over the total requirement. This procedure was necessary, as averaging the percentage of the AER masks total availability to the household, which is, for this study, a critical feature. However, equitable distribution of food to each family member is clearly a problem among these 40 rural families. Using the previously defined categories (see table 12 ), the number 0 was applied to those receiving more than 80 per cent of the AER and 3 to those receiving less than 60 per cent of the AER, with 1 and 2 for the intermediate categories. Thirty-four of the 40 families (85 per cent) had one or more members in the energy deficit categories (1, 2, or 3). Among the 34 families, the most frequently malnourished were young females followed by young males and then young adult females. Further analysis of the determinants of this maldistribution is under way. 
Morbidity
As described earlier, the morbidity data were collected for all family members on each week of the study. Data collection proved to be a more difficult task than anticipated, as often household members left at dawn to go to the fields and returned very late at night. This pattern was especially true of those respondents who were shepherds; many simply spent the entire night in the fields and food was brought to them by family members. When a family member was unavailable for direct questioning, another family member was asked to reply only if he or she was confident of the absent member's health for that week.
Types of Morbid Conditions
Both acute and chronic conditions were prevalent among the respondents. Simple osteoarthritis, allergic bronchitis, ear complaints, and tuberculosis were most often chronic conditions. Complaints of joint pains appear at a very early age among Indian villagers; this is hardly surprising, given the physical nature of their work. Allergic bronchitis, often exacerbated during harvest and threshing, was prevalent. Tuberculosis is prevalent in the village as a whole, and five cases were diagnosed among approximately 350 respondents. Hearing loss and chronic ear infections were also common.
The acute conditions were more often episodes of respiratory infection or diarrhoea in children followed by ear infections (otitis media). For adults, respiratory infections were the most common complaint. These findings are similar to the results of other studies discussed previously.
Duration of Illness and Illness Rates
Each respondent was asked the duration of the stated complaint. Just half of the study members responded with "all week, " "about a week" or some variation of the above, while 25 per cent specified three or four days. The remaining 25 per cent indicated durations of 1, 2, 5, and 6 days.
The minimum percentage of the respondents who were ill for any reason during any of the weeks was 1 4 per cent. The periods of least illness corresponded to the summer season and the week before the major festival, Diwali. Perhaps people were too busy then to think about their usual aches and pains, coughs, and colds.
The maximum illness rate was 28 per cent of the respondents. The high illness rates fell into three peaks, weeks 18 to 27, 32 to 39 and 44 to 50. The first two peaks corresponded to periods of very high labourforce participation: the first occurred during the kharif (monsoon season) and the second during the coldest period of the year. The reason for the occurrence of the third peak is unknown. The percentage of people ill in the village was graphed for each week of the year (fig. 2 ). Chronic conditions were excluded. The percentage of time that each family was ill was calculated for the year, to be used in later analysis. The illness rate ranged from 6.6 to 36.5 per cent per week. Figure 3 shows the percentage of children under six years of age who exhibited an acute infectious disease for each of the study weeks. Generally, higher rates prevailed during the rainy season and the winter (rabi) months, while the hot season brought reduced rates of illness. 
Anthropometry
Height, weight, and arm circumference were measured monthly for each respondent-a difficult task in shepherd families. An analytical problem was posed by the longitudinal nature of the data. As each respondent had a birthday during the year, to shift standards within the year could have caused each individual to become suddenly "underweight"; thus, for individuals above five years of age, the standards and age used are those at week 1. If the individual was under the age of five, the exact age is used, as the standards are presented at monthly intervals. All statistics were computed for every record and then for average percentages over the year for every individual as well. The latter are the most useful, as the former are biased in favour of individuals who were measured frequently during the year. (table 14) . Table 15 presents weight for height as a percentage of Indian standards and shows a gradual deterioration in the percentages of the standard attained throughout early childhood, followed by an improvement during the period from 3 to 18, at which time males and females attain 78 and 84 per cent of the standard weight for height. It can be seen that, until the ages of 10 to 12, males are in a better position than females. Thereafter, females are in a better position, with adult males achieving only 78 per cent of the standard weight for height as opposed to 84 per cent for females. Overall, it is clear that adult males have a more difficult time maintaining their weight for height. Arm circumference data (table 16) show a similar trend; however, differences were noted only between adult males and females, who exhibited an average difference of five percentage points.
Summary of all Anthropometric Indices
Seasonal Variations in Anthropometric Measurements
The possibility of seasonal variation in anthropometry was explored by dividing the year into three major seasons: -season 1: dry, post-harvest, little farm activity; -season 2: monsoon, pre-harvest, high farm activity; and -season 3: winter, harvest, moderate farm activity.
A slight drop of one to two percentage points occurred for all anthropometric indices in season 2; however, none of them proved to be statistically significant. Children under six were plotted individually, but only a few of them varied more than 5 per cent of the standard during the year for any measurement. 
Labour Force Participation: Employment Patterns
Respondents, irrespective of age, were considered to be members of the labour force if they worked in any capacity either on or off their own farms. Generally, thiscategory included all family members except young children, those few with disabilities, and those who did not have to work (e.g. an older, landed mother-in-law). The predominant work pattern was recorded for all members (table 19) . For example, if a householder worked on his or her own farm for five days and as an agricultural labourer for two days, the individual work pattern was noted as "own farm. " However, if there was further fragmentation, the "combination code" was used to denote a person who had no clear-cut pattern. Employment on the family farm was the major occupation, and accounted for nearly half the total work time. Employment as an agricultural labourer accounted for almost one-quarter of the work time. 
Working Members
Approximately 180 of the 350 respondents (about 50 per cent) made up the labour force; on a weekly basis between 44 per cent and 80 per cent of the respondents worked. As determined from the aggregate household data, nearly half of the households had two or three working members. There were no working members in only 2.5 per cent of the households, and in no households at any time was there only one working member. These data are summarized in table 20.
Labour Force Participation: Days Worked by Round
Total days of labour-force participation by each round or week were calculated ( fig. 4 ). Peak and slack periods are quite evident and relate to the intensity of agricultural activities as well as to cultural and social events. Weeks 2 and 3, when employment was very low, were deemed auspicious times for marriage in the village. This period was followed by a time of full employment during harvest. Employment peaked again during the monsoon season (weeks 15 to 26) as paddy was transplanted and then weeded. A period of relative inactivity (weeks 27 to 30) preceded harvest. The sharp dip at week 40 reflects the major festival, Sankranti. When these same data are examined by household, that is, person days worked by household for each week, peaks are evident for each seven-day period, so that, if a person worked, he or she generally worked for a full week.
Reasons for Not Working
The reasons for not working on any day are presented in table 21 . Voluntary unemployment and absence from the village, when people were visiting relatives, were the most frequently cited reasons. Other major reasons included domestic activities, such as child care, involuntary unemployment (when an individual sought work but did not get any), health, and marriages or festivals. The percentage of those people who did not work because of illness ranged from less than 1 per cent to slightly more than 5 per cent. Illness affected this group quite randomly; at only one time during the study was the rate of illness uniformly low-March and April, i.e. the summer season. During the remainder of the year, a high rate of illness in one week (4 per cent) was often followed by a low rate the next (1 per cent or less) with no discernible pattern. The percentage of those involuntarily unemployed ranged from 0 to 15 per cent. A six-week period (weeks 46 to 51) in February and March was the only consistently high period of this type of unemployment: the figures at this time ranged from 7.7 per cent to 14.1 per cent. Otherwise, rates were extremely low (mean 3.3 per cent). 
Total days worked per week per round
Wage Rates for Agricultural Labourers
Rates of pay for agricultural workers were averaged by category of employment (table 22) . Little difference was found between seasons except for weeding and shelling of groundnuts: slack-season daily wages were 3 rupees while peak-season wages were 5 rupees per day (US$1.00= 1 2.5 rupees). Wages were paid in kind (as paddy) during a fourweek period in the summer season and for a longer period during the kharif and post-kharif season, which lasted from mid-August to the end of December (weeks 17 to 38). The value of such in-kind payment equalled or exceeded cash-wage rates. Sorghum was paid only twice and in small amounts (9 and 39 kg).
Crop Production
Paddy (rice) is the principal crop grown in Dokur, owing to the availability of irrigation (now about 50 per cent of all cropped land). Groundnuts are also grown in large quantities as a cash crop. Sorghum (jowar), pigeon pea, and finger millet (rag) constitute the remaining crops, which are grown in smaller quantities and are thought of as subsistence crops.
Although yields of rabi paddy are higher, the largest single harvest of the season is kharif paddy, because of the acreage cultivated. Less land is used for groundnut cultivation and fewer farmers are growing the crop each year owing to the presence of a widespread groundnut virus. The remaining crops are grown principally as dryland crops.
During the study period any fertilizers or pesticides used by farmers invariably went towards improving either of the two major crops. Cropping activities fall into three major seasons (table 23) ; the summer season crop is generally small and restricted to those farmers who have adequate irrigation.
The yields of the major crops of ail participant farms indicate the magnitude of the harvest. When examined along with the labour-force graph, the yield data give a picture of the seasonal aspects of crop production and labour activity. From weeks 19 to 37 (mid-August to the end of December), labourers received wages in kind (as paddy) as well as in cash. These wages increased markedly during the November-December harvest.
The range of yields for each farm was wide because of variations in acreage under cultivation, access to irrigation, and other farm inputs. Concerning the latter, smaller farmers were clearly at a disadvantage, since their families were forced to work as labourers to supplement their incomes, and this often meant that they had to delay sowing, transplanting, or harvesting their own plots until the optimal time had passed. 
Classification Number Percentage
No acute or chronic problem 177 56.9
Minor acute or minor chronic problem 106 34.1
Major acute or major chronic problem 26 8.4
Major acute and major chronic problem plus malnutrition 2 0.6 a. Only 90 per cent of the study respondents underwent physical examination. The percentages refer to those who were examined.
Physical Health Examinations
The physical examinations were of limited usefulness for comparative analysis because the number of examinations per child was highly variable. Some summary data are, however, useful indicators of health problems. Of the 111 members whose stool samples were collected (32 per cent of the respondents), half (49.5) per cent) were free of parasites. This sample was, however, biased towards children. The remaining half harboured amoebic cysts, Giardia, Ascaris, hookworm, tapeworm, and liver fluke. The majority of those infected had two or more parasites.
Approximately 10 per cent of the respondents (all male) were never examined, principally because of shyness. Table 24 shows the results for the remaining 90 per cent.
Fewer than 10 per cent of the study members were afflicted with an ailment that was serious, e.g. otitis media, hypertension, pneumonia, asthma, tuberculosis, and urinary tract infection. The most frequently encountered minor conditions were wounds, arthritis, colds, and cataracts.
Assets
Assets consisted principally of land which was valued at between 10,000 and 20,000 rupees per acre for wet land and between 3,000 and 6,000 rupees for dry land, including pasture land. Other major assets included houses, outbuildings, gold and silver jewellery, farm equipment, and animals.
Mean assets for the 40 families were valued at 113,600 rupees (S.D. + 166,070) or approximately $9,500 per family. Assets ranged from 3,100 rupees for a landless family to 945,000 rupees for a large family with 32 acres of wet land.
Relationships between Food Availability and Energy Needs
Correlations between weekly food availability and energy requirements could not be carried out as had been planned for two unforeseen reasons. First, it was impossible to obtain reliable information on stocks at the beginning of the study. Second, wages were often paid weeks after work was performed, and the complex system of borrowing and repayment that occurred during these periods was beyond our ability to assess accurately. However, family energy needs were assessed, as well as the actual availability of food grains, and taken together these assessments form the basis for the determination of levels of adequacy.
These family energy needs, calculated as a cereal equivalent, in kilograms, were estimated as follows. The recommended cereal allowances (RCA) for various ages were accepted as an indicator of family needs [8] ; 10 per cent of the RCA was added to this value to compensate for the typical Dokur village diet, which is almost wholly cereals. The RCA was also adjusted if a family was away temporarily, but was not adjusted for daily fluctuations, such as those resulting from casually absent members or guests. The adjusted figure was then multiplied by 365, which pro" vided the approximate yearly total for kilograms of cereal required. To determine if this cereal requirement was equal to the total potential cereal availability, the latter was estimated for each family for the year as the sum of: 1. The cereal equivalent in kilograms of the monetary value of the groundnuts produced for the year. 2. The cereal equivalent in kilograms from total wages received for the year. 3. The kilograms of cereals produced and/or received as in-kind payment of wages.
Of the 40 study families, 11 (27.5 per cent) did not have enough food to cover basic needs, as determined by the method just described. However, eight of these families managed to meet at least 80 per cent of their energy needs, using supplementary means to do so.
Relationships between Study Groups with Respect to Anthropometric Indices, Income, Illness, and Energy Intakes
As mentioned earlier, the study sample was divided into two groups based upon female labour-force participation. Although there were women from nearly all categories of farm size, the majority of them were from the smaller farms or, in two cases, from landless families. Non parametric t-tests indicated no difference between the two groups in weight for height. A significant difference was noted between the two groups in three areas: total income, percentage of days ill, and the percentage of the energy requirement met. Total wage income was significantly higher for group 1, i.e. women who worked on their own farms (t-value = 5.41, P < 0.001); the same was true with respect to the adequacy of energy intake (t-value = 4.91, P < 0.001) and illness (t-value = 5.94, P < 0.001).
Credit and Debt
Total annual income from all sources was calculated for each household using the weekly transaction data. In 18 of 40 households (45 per cent the family was in debt. An analysis of weekly income and expenditure for each family revealed that all were in debt some of the time, although there was no seasonal trend. Instead, there was a pattern of large sums being received as back wages or from calling in money owed to the family, which in turn would be used within one to two weeks to pay off debts called in by someone else.
There was no correlation between the percentage of the family energy intake met and income (from all sources), when energy intake and the prior week's income were correlated. An influential factor must certainly have been the pattern of credit and debt characteristic of the study households.
The weekly transaction data also provided information on the families who failed to have adequate harvests or income from wages. They had all been able to borrow either cooked food, raw rice, or paddy. Paddy was borrowed in small quantities, without interest, or by the bag, with interest. Cooked food from a caste-fellow or a large farmer-who clearly had stocks and for whom the family worked-was always available. Caste-fellows and neighbours also provided small quantities of rice or paddy. When a full bag of paddy was borrowed, it was always with interest. in the case of a small farmer, repayment was sometimes based on the borrower's own cropping pattern. If he harvested only one crop a year, he was not required to return the paddy until after his next harvest.
The willingness to loan crops or food has not always been a part of village life, but has developed gradually. Nearly six years ago the farmers in Dokur became eligible for easier credit with the State Bank of India. At the same time the Land Mortgage Bank expanded its services. During this period a considerable number of all farmers took out loans to increase irrigation. In 1976 only 30 per cent of the cultivated land was irrigated as opposed to 50 per cent in 1982 [3] . A significant proportion of the newly irrigated land has been planted with rabi groundnut, a cash crop that pays from two to five times more per kilo than paddy. Therefore, farmers have had little difficulty making their loan repayments.
A study of the village labour market, including labour force participation data, wage rates, and land transaction records, revealed that small farmers have gradually sold their land to larger farmers and shepherds, who have an excess of cash due to an increase in meat and wool prices, and have then joined the labour pool. Data on wage rates and labour-market participation from 1976 to 1979 indicate that the sharp increases in wages over the intervening years as well as vastly increased opportunities for employment have made small-scale farming less attractive [24] . An additional incentive for many small farmers to sell their land and join the labour ranks has been a sharp increase in land prices since the late 1970s.
Thus, larger landowners have rapidly expanded their resources and their debts and have become labourdependent because farming is not mechanized. Their labour dependency has led them to ensure that labourers do not fall short of food. For this reason, expected seasonal variations in household food intake did not occur to any significant extent.
Statistical Analyses: Determinants of Energy Intake
Non-parametric correlations (Spearman-R) were carried out prior to running stepwise regressions. It was thought that the correlations would provide useful indicators for the regression analyses.
24
Nutritional and health consequences of seasonal fluctuations in household food availability
Non-parametric Correlations
Correlations were carried out between percentage of family energy requirement met and household variables using the weekly household data, except where specified: The PCKCAL variable was created by dividing the total family energy consumption by the total requirement specified by Gopalan [8] .
The correlations were done only for the first 23 weeks of data. Significant correlations are shown in table 25. 
Regression Analysis
Stepwise regression analysis was carried out separately for each of the 51 weeks for which dietary recalls were available. The dependent variable was PCKCAL, the percentage of the family energy requirement met, as described previously, and the independent variables were the eleven variables tested for non-parametric correlations. The variables listed in table 26 were significant with the tolerance level for the regressions set at 0.05.
That an increase in female labour-force participation (PCWF) during the slack season (weeks 1 to 13) increased family energy intake was not surprising. There was little work except for women at this time of the year, which covered the period of the dry season, when there is a small summer harvest, to the early rainy season, when women begin to transplant paddy. The R-squares for these equations ranged from 0.13 to 0.25.
Having harvested a crop within the four weeks (H4WK) previous to the dietary recall was significant just four times (weeks 24 to 33) and accounted for 11 to 18 per cent of the variation. These weeks corresponded to the early months of the harvest season.
The illness variable (PCILL) was significant three times and was negative: as the percentage of time that householders were ill increased, family energy intake decreased. The three consecutive weeks when the illness variable was significant (21 to 33) fell within the period of high illness rates for both adults and children (figs. 3 and 4). R-squares ranged from 0.14 to 0.27.
No variables were significant (at the 5 per cent level) for the 24-week period. In those weeks where there was a significant variable (even once), the R-squares ranged from 0.11 to 0.27.
Discussion
There was little fluctuation from week to week in the percentage of the recommended energy levels met by the 40 study families in the rapidly developing village of Dokur. The lowest week's intake coincided with the week after Sankranti, the harvest festival, for which there was no logical explanation. During one week of the harvest season, adult energy intake went up significantly, again for no discernible reason.
Weekly average energy intakes for individual households showed greater fluctuations five families (12.5 per cent) were chronically energy deficient, i.e. the family met less than 80 per cent of its estimated calorie requirement nearly every round throughout the year. The other families were above this level, but did show random fluctuations. These five families had special problems. One family was simply over-cautious. Stocks were adequate and so was the family's land base. However, the male head of the household was the only son, and his household contained his two wives and his mother, as well as children. He was well-educated and kept meticulous books. His overly cautious nature was the main reason for his family's low dietary intake. Another family should not have been classified as landowners because they had sold their previously adequate wet and dry land as well as their farm equipment in order to marry off a son. They were then reduced to working as agricultural and/or construction labourers to pay off their extraordinary debts.
The last three families were all harijans who were not only poor and had too little land on to which to grow adequate crops, but they also faced social problems. Within these families such characteristics as laziness, excessive toddy consumption, and/or lack of enough working members prevented the families from rising above their impoverished state. All were extremely illnourished, which was reflected in low weight for height.
None of the anthropometric indices used showed marked seasonal changes, although there was a nonsignificant decrease during the rainy season in all measurements. An increased energy expenditure during the period along with a stable energy intake could account for the slight decrease. The patterns described above were consistently evident in spite of seasonality of harvests and fluctuations in labour-force participation rates.
Employment was generally high in Dokur with employment rates at a minimum of 50 per cent and a maximum of 100 per cent of the 180-strong workforce. A significant increase in irrigation, mentioned earlier, is responsible for increasing the demand for labour. Increased irrigation was directly related to the policy of the State Bank of India and the Land Mortgage Bank to loan money for the construction of wells and for other farm improvements, such as seeds, fertilizers, and labour costs. Bank officers said that no one from Dokur had ever defaulted on a loan repayment; thus farmers were actively encouraged to seek both short-and long-term loans. There were no other major forces, e.g. World Bank projects, that could be considered change agents, with the exception of sporadic visits by Village Development Officers. A survey of all village households to determine the dates of farm improvements and credit sources clearly reinforced the view that bank loans were responsible for farm development.
Fluctuations in illness rates appeared to be related to two factors: high labour-force participation and the nature of the work during those periods. Illness or at least complaints of illness peaked during the two periods that would favour disease transmission-the wet season and the winter rabi season. These were also periods of the greatest farm activity and the most strenuous work Both energy consumption and anthropometric indices were less than optimal. When the AERs were compared with a similar group of Dokur families studied from 1976 to 1978, the current study families were better off as a whole [3, 25] . However, 3 to 8 per cent more of the earlier study families met 80 per cent or more of the AER for those of six and older. Children under six from the current study group did not appear to be so well off as the earlier study children. The two groups were not exactly comparable because the age group classifications of the young children differed by one year in the two groups. The differences were substantial, however: in the current study group, 11 to 20 per cent fewer children under six met 80 per cent or more of the AER.
When anthropometric data from the two studies were compared, the means for weight for height for those over six years of age were either the same or had improved for the current study subjects. For the three-to five-year-old age group, there was no change. Below three years of age, a comparison could not be made, as children under one year were excluded from the earlier study because the values for breast-milk consumption were too low.
That the 40 current study families were, overall, better off than those studied from 1976 to 1978 was not surprising. As mentioned previously, irrigated land had increased from 30 per cent in 1976 to close to 50 per cent in 1983 and with it had come benefits in many measurable areas including assets, income, and labour participation. In both studies, however, income and assets were not significant determinants of energy intake.
When the sum of crops harvested and/or wages was assessed for adequacy in meeting family energy requirements, it was found that over 70 per cent of the families had adequate access to food either through crops harvested or wage income. Over the entire year, however, the transaction data indicated that debt levels were quite high; 45 per cent of the families were net debtors, but this did not translate into decreased food consumption.
The lack of seasonal variation in food consumption may be partly attributable to the reasonably stable food prices. An exception was the market price for groundnuts, a cash crop, which fluctuated widely, up 75 per cent from the lowest rate. Larger farmers certainly took advantage of this by frequently holding groundnuts until the price had increased substantially. Vegetable prices also showed seasonal trends which were met by a shift in consumption to cheaper vegetables or none at all, while fruit, principally mangoes, bananas, and custard apples, remained more or less fixed in price. Sorghum (jowar) increased in price no more than 10 per cent during the Year and paddy virtually not at all because of government control of paddy prices. Most sorghum was grown for home consumption and did not enter the market at all.
When stepwise regressions were carried out, the contribution to increasing energy intake made by working females 12 years of age or above was significant 10 times during the first 13 weeks of the study. This period coincided with the slack season when wages are the lowest of the year (3 rupees per day). The results suggest that these working women use what they earn to augment family food consumption. Other limited seasonal effects were related to having harvested a crop within the previous four weeks as well as the depressing effect of illness on energy intakes for three consecutive weeks during the rainy season.
In order to meet their loan payments farmers expressed the need to have good labour relations. To this end, loaning paddy or giving away food has created a cycle of interdependency between owners and workers. As the large farmers' own incomes have increased substantially, more of them have acquired land from small farmers who have joined the labour market. One of us (P.D.B.) has observed this village since 1977 and has data on land transactions, land prices, income, and wage rates which substantiate this trend.
Borrowing existed at several different levels, and a villager was free to use any or all of the various borrowing options mentioned earlier. He would first turn to his caste-fellow for small quantities of paddy or rice, but might also ask his neighbours for short-term loans; he might also go directly to a large farmer, for whom he worked as a rule, to demand cooked food. in our experience, living near the Dokur sarpanch's house, we were amazed at the volume of cooked rice that was given away. In return for lending paddy, the farmer built a strong relationship with the potential labourer, and this person became obliged to work for him when he needed help.
Debt repayment might be made in other ways as well. A debt might be "worked off, " possibly through the "permanent servant" system. Money was harder to collect than crop loans, although it was preferred because of the possible change in crop value. Above all, debts were of a circular nature in Dokur; someone was always borrowing to pay off another debt, and so on. It was this system, we believe, that accounts, in part, for the lack of a strong effect of seasonality on food intake.
Although Dokur is a village that has succeeded in finding its own mechanisms to keep food consumption stabilized through augmenting irrigation, and thereby increasing production, the policy of easy credit terms which created stabilization has its drawbacks. The pool of landless labourers has increased as the small farmers have sold their land in response to an increase in prices. Although male and female labourers could and did periodically leave the village to take up contract work in order to pay off debts, and although permanent servant positions are always available, in a period of prolonged drought the authors doubt that these two means can take up all the slack labour. The question also arises as to the farmers' ability to pay off loans during a drought year.
That farmers found it difficult to farm small plots posed another problem. High wage rates looked attractive to small family farmers, who found that the larger farmers needed their services at exactly the same period that their own crops needed attention. This has, we feel, led to an increasing number of small farmers selling their land, thus widening the gap between the landless and landed.
Implications for policy
This particular study of 40 families in a rapidly changing village, typical of much of the semi-arid tropics of south India, provides some implications for policy-makers concerned with the issue of seasonal fluctuations in food supply. The subjects of this study ranged from low-caste landless labourer families to large farm families and higher castes, and as such they reflect the range found in most villages in India.
In areas where there is potential for agricultural development, that is, much of the semi-arid tropics of India, bank policies to extend credit to farmers on flexible and favourable terms may contribute substantially to improving the welfare of both farmers and agricultural labourers, who may benefit through the increased employment opportunities. Flexibility should involve a willingness to loan money for all types of farm development: irrigation, seed, and fertilizer, as well as labour costs. Low interest rates and repayment tied to post-harvest periods are also necessary.
All policies should be flexible enough to meet the often precarious farming conditions of the semi-arid tropics. When the monsoon fails, as it occasionally does, bank policies to suspend payments should take effect.
When drought occurs, labour opportunities are drastically diminished for a section of the village population, which has no alternative means of support other than to become permanent servants or to leave the village to become contract construction labour. Such government programmes as the food-for-work programme should be in place at all times to take up slack employment and prevent people from forced migration in search of work. There are always public works that can be carried out by such people; for example, the shoulders of roads are perpetually in need of restoration, as are all the secondary dirt roads in rural areas.
Support prices for staple crops, such as paddy, also contribute to preventing marked fluctuations in food consumption, as farmers have little reason to hoard stocks and are willing to loan paddy both with and without interest, depending upon the quantity involved.
It should be recognized by policy-makers that the villagers themselves have an ability to work out solutions to problems. In Dokur, the internal mechanism of borrowing and lending has solved some of the problems of seasonal fluctuations in food supply during slack periods of employment or, for that matter, at virtually any time. Policy makers should recognize the importance of studying how villagers solve their own problems.
There are still many related problems that need to be addressed. Agriculturally, there is a need for more active participation by extension agents in Dokur. With the increase in irrigation, groundnuts are grown continuously, resulting in a high incidence of the groundnut virus, which lowers the yield. The virus levels could be reduced if farmers were encouraged not to plant their small summer season crop. This, as any extension agent knows, would break the virus cycle, as there is no other host plant cultivated during the short summer season.
The problem of lack of access to free and adequate medical care should also be addressed. Dokur residents are not alone in finding primary health centres illequipped, poorly staffed, and far away. The auxiliary nurse midwife should visit the village at least once a week.
Finally, the question of maldistribution of food must be more adequately documented and addressed. In the study, there is evidence of maldistribution of food in favour of those over six years of age.
